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Irradiation of EGF-stimulated human keratinocytes in llitro 
with ultraviolet B (UVB) radiation inhibited both ornithine 
decarboxylase (ODe) activity and cellular proliferation. A 
dose-dependent reduction in ODe activity occurred in pri-
mary cultures of adult facial keratinocytes and neonatal fore-
skin keratinocytes, and in an SV 40-transformed keratinocyte 
cell line derived from neonatal foreskin. When SV 40-trans-
formed keratinocytes were treated with epidermal growth 
factor (EGF), ODe activity was induced up to 21 times in the 
absence of ultraviolet radiation. However, pre-treatment 
with UVB significantly reduced the EGF induction of ODe. 
For example, 85% less ODe activity was observed in cultures 
treated with EGF (10 ng/ml) plus 2.5 mJ/cm2 ofUVB than 
cultures treated with EGF alone. To assess the effect ofUVB 
on cell proliferation, normal human epidermal keratinocytes 
U ltraviolet radiation (UVR) exerts multiple effects on cell function [1]. It is clinically well recognized .as a therapeutic agent for psoriasis and other pho-toresponsive dermatoses. ODC is the rate-limiting enzyme in polyamine biosynthesis and is therefore 
involved in DNA synthesis and cell proliferation. Modulation of 
this enzyme is likely to be important for the treatment of hyper pro-
liferative disorders such as ,.esoriasis where ornithine decarboxylase 
(ODe) activity is elevated [2]. Studying the effect(s) of ultraviolet B 
radiation (UVB) on ODe activity in cultured human keratinocytes 
serves as a model system for understanding the effect of the spec-
trum of UVR that is primarily responsible for sunburn reactions in 
human skin. 
Previously, investigators have reported that epidermal ODC was 
induced following UVB exposure of hairless murine skin or rodent 
keratinocyte cultures [3,4). Similar studies on the effect ofUVB on 
human skin or cultured human epidermal keratinocytes have not 
been reported thus far. In contrast to what has been described in 
rodent skin models, our studies used epidermal growth factor 
(EGF) -stimulated keratinocytes and in this mode! UVB irradiation 
of human epidermal keratinocytes in culture uniformly resulted in 
decreased ODe activity under several cell culture conditions. This 
decrease in ODC occurred within 6-24 h after irradiation. De-
creased ODC enzyme activity corresponded to decreased cell prolif-
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Abbreviation: KGM, keratinocyte growth medium. 
grown in medium containing EGF were irradiated with 5 
and 10 mJ/cm2 DVB. At days 3 and 5 post-irradiation a 
significant (up to 78%) decrease in proliferation was ob-
served. Nevertheless, the mean proportion of viable to dead 
cells remained similar in both UVB-treated and non-irra-
diated cell cultures. Northern blot analysis of total RNA 
isolated from irradiated and sham-irradiated cultures showed 
that UVB caused approximately a one third reduction in 
steady-state ODe mRNA levels in EGF-stimulated keratino-
cyte cultures. Because ODe is an enzyme required for cell 
proliferation, we propose that the UVB-induced decrease in 
cell proliferation may result at least in part from UVB inhibi-
tion of ODe mRNA accumulation and reduced enzyme ac-
tivity.] Invest DermatoI101:54-58, 1993 
eration observed as a decrease in cell number by days 3 and 5 post-
irradiation and decreased levels of ODC mRNA as early as 90 min 
post-irradiation. 
MATERIALS AND METHODS 
Normal Human Keratinocyte Cultures Normal human epi-
dermal keratinocytes were isolated from neonatal foreskins, adult 
"facelift" specimens, or adult breast skin and were cultured by a 
modification of the system developed by Eisinger et af (5) . Human 
skin obtained from circumcision or cosmetic surgery was processed 
immediately or kept for up to 24 h at 4 0 C. Epidermal cells were 
separated from the dennis using gentle trypsin digestion at 4 0 C for 
12-16 h. Single cell suspensions of epidermal cells were seeded ata 
density of 2.5 X 103 cells/cm2 into tissue culture dishes previously 
coated with 10% Nuserum (Collaborative Research, Bedford, MA). 
Cells were incubated at 37°C in a humidified atmosphere with 5% 
CO2 and were subcultivated upon reaching 60-80% confluency 
before forming multilayered sheets. Normal human epidermal kera-
tinocyte cultures were grown in serum-free Clonetics keratinocyte 
growth (KGM) medium (a modified MCDB 153 formulation). 
Where indicated, cells were grown in a custom formulation that 
eliminated the addition of phenol-red and putrescine. Both the 
modified and unmodified KGM contains gentamicin, amphoteri-
cin, epidermal growth factor (0.1 ng/ml), bovine pituitary extract 
(0.4% v jv), insulin (5 pgjml), and hydrocortisone (0.5 pgjml). 
Transformed Human Keratinocyte Cultures Human fore-
skin keratinocytes (Z114) transformed with SV40 (a generous gift 
from Vittorio Defendi of New York University) [6] were grown to 
confluence in Dulbecco's modified Eagle's medium (Gibco) with 
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Figure 1. Dose-dependent decrease in ODC activity in cultured normal 
human epidermal keratinocytes fo llowing irradiation with UVB. A: Sub-
confluent (60-80%) neonatal foreskin keratinocytes were irradiated with 
0-20 mJ/cm2 UVB and ODC activity was determined on cells harvested 
6 h post-irradiation. Cultures were grown in unmodified KGM. For the 
control value (0 mJ/cm2) and for each dose ofUVB, six culture dishes were 
treated and ODC activity was determined in duplicate. Points plotted repre-
sent the mean (± 1 SD) of replicate ODC determinations. Fifty percent less 
ODC activity was seen in cultures treated with 20 mJ/cm2 UVB compared 
with non-irradiated ce lls (0 mJ/cm2). Photographs of the control and UV 
irradiated cultures 6 h after treatment showed no morphologic changes 
between treated and control cultures. Viability assessed as recovery of cell 
associated protein showed no significant differences between the treated 
groups. Asterisk, significant (p < 0.05) difference between the mean ODC 
activity of the UVB-treated cultures and the mean ODC activity in the 
control cultures (0 mJ/cm2) using an independent t test comparison. B: 
Subconfluent adult facial keratinocytes were irradiated with 0-10 mJ/cm2 
ofUVB and ODC activity was determined at 6 h post-irradiation. Cultures 
were grown in modified KGM (no added putrescine). Poi"cs, means of dupli-
cate ODC determinations for each irradiated culture dish. Seventy-eight 
percent less ODC activity is observed in the cells irradiated with 10 mJ/cm2 
compared with non-irradiated cultures (0 mJ/cm2). 
10% NuSerum (Collaborative Research, Bedford, MA) with the 
following tissue culture grade additives: gentamicin 50 ,ug/ml, pen-
icillin 25 units/ml, streptomycin 25 ,ug/ml, hydrocortisone 0.5 
,ug/ml, cholera toxin 10 ng/ml, and murine EGF 10 ng/ml. Cells 
were grown in complete medium until confluent (5 - 7 d) and fol-
lowing irradiation were placed into serum-free medium that con-
tained cholera toxin and hydrocortisone with or without EGF, as 
indicated (see Results) . 
Irradiation Procedure Culture dishes containing normal 
human epidermal keratinocytes were rinsed with phosphate-buf-
fered saline (PBS) and lightly moistened with 1 X Hanks' buffered 
salt solution (HBSS, GmCO 31O-4025AJ) without phenol-red. 
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Figure 2. Pre-treatment of SV 40-transformed human neonatal foreskin 
keratinocytes with UVB inhibits EGF-stimulated ODC activity. EGF (10 
ng/ml) induced ODC activity 21 times over cultures that were not treated 
with EGF. Two 10-cm cultures were treated at each dose of UVB and 
concentration of EGF tested (e, no EGF; '1, EGF 2.5 ng/ml; ., EGF 10 
ng/ml). Poil1ts, means (± 1 SD) of four ODC determinations performed on 
cultures harvested at 24 h post-irradiation . Eighty-five percent less ODC 
activity is observed in ce lls pre-treated with 2.5 mJ/cm2 UVB and stimulated 
with 10 ng/ml EGF for 24 h compared to cultures treated with EGF (10 
ng/ml) alone. 
Cells received radiation fr0111 a UVB source that consisted of two 
fluorescent bulbs with a peak emission wavelength of 302 nm 
(UVP, Inc., California 91778, USA; Lamp number 34003901) for 
varying amounts of time to deliver the dose ofUVB ranging from 0 
to 20 mJ/cm2 . Dosimetry was determined using a Research Radio-
meter (IL-443, International Light, Newburyport, MA) equipped 
with a UVB-l probe; the mean irradiance was 0.22 mJ/cm2 at a 
distance of 30 cm from the light source. Sham-irrad.iated cells were 
treated identically except that aluminum foil was placed between 
the UVB source and the cells. Cell dishes were rinsed with PBS and 
fresh medium was added. Cells were returned to the incubator and 
harvested at the designated times for the ODC assay or cell count 
determination. 
Cellular Proliferation Cell viability was assessed by determin-
ing the cell number per tissue culture dish at the time points indi-
cated. The viable and dead cell number/dish were determined fol-
lowing trypsinization of cells using a hemocytometer and the 
trypan blue exclusion assay [7]. 
ODC Activity ODC activity was determ.ined by measuring the 
release of 14C02 from DL-(t-I 4C)-ornithine hydrochloride [8]. 
Briefly, the tissue culture dishes were rinsed twice with PBS, frozen 
at -20°C for several hours, then thawed. The cells were scraped 
into 0.5 ml of assay buffer (25 ,uM pyridoxal phosphate, 2.5 mM 
dithiothreitol, 25 mM Tris HCl, pH 7.2, and 50,uM ethylenedia-
minetetraacetic acid) per 10-cm dish of confluent cells and frozen at 
-20°C until assayed. The samples were thawed, sonicated, and 
centrifuged at 4 °C at 16,000 Xg for 15 min. The resulting super-
natant of soluble protein was assayed for ODC activity and protein 
content. For the described experiments, ODC activity was linear 
with respect to the quantity of enzyme protein added; typically 
50,u1 (20,ug protein of soluble protein extract) was added per 
0.25 ml reaction mixture. Following incubation for 60 m.in, the 
reaction was stopped with 2 M citric acid and the released CO2 was 
captured by center wells containing filter paper saturated with 1 M 
methylbenzathonium hydroxide in l11.ethanol. Released 14C02 was 
measured after p lacing the filter paper into 10 ml of scintillant, 
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Scintiverse II (Fisher Scientific). Enzyme activity is expressed as 
pmo! CO2 re!eased/flg protein/h. Enzyme assays were performed 
in duplicate or triplicate unless otherwise indicated. 
Protein Determination Protein was determined by the Brad-
ford [9) colorimetric assay utilizing the reagents supplied by Biorad. 
Northern Blot Analysis Normal human epidermal keratino-
cyte cultu res were grown in serum-free Clonetics KGM. Cells were 
treated with 5 or 20 mJ/cm2 ofUVB radiation or were sham-irra-
diated. Total cellular RNA was isolated by the method described by 
Dorsett et al [10] and quantitated by absorbance at 260 nm. ODC 
cDNA was a generous gift from Olle Janne (Rockefeller Univer-
sity) [11]. Glyceraldehyde phosphate dehydrogenase (GAPDH) 
eDNA was kindly provided by Dr. M . B. Prystowsky (University of 
Pennsylvania) [12J. ODC and GAPDH mRNA were analyzed by 
agarose/formaldehyde gel electrophoresis followed by Northern 
blotting. Total cellular RNA was blotted onto a nylon membrane 
(Amersham, Arlington, IL) pre-hybridized at 42°C for 6 h in a 
buffer of 50% formamide, 5 X SSPE (1 X equals 0.18 M sodium 
chloride, 0.001 M ethylenediaminetetraacetic acid), 0.1 % (w Iv) so-
dium dodecyl sulfate (SDS), 5 X Denhardt's so lution, and 100 flg/ 
ml salmon sperm DNA and hybridized for 16 h at 42°C with 
1.2 X 106 cpm/ml of 32P-radiolabeled cDNA. Probes were radiola-
beled utilizing the random primer method to achieve a specific 
activity of approximately 109 cpm/flgDNA. Because the ODC 
mRNA (2.3 kb) was significantly larger than GAPDH mRNA 
(1.3 kb), the blots were simultaneously probed for both mRNA 
species. The probed blots were washed twice in 5 X SSPE at 42 °C 
for 15 min and then 1 X SSPE plus 0.1 % 5DS at 42 °C for 30 min 
and exposed at -70°C to X-ray film with an intensifying screen. 
RESULTS 
Inhibition of ODe Activity in Keratinocytes The effect of 
UVB radiation on ODe activity in proliferating neonatal foreskin 
and adult facial" human keratinocytes stimulated with EGF was as-
sessed. ODe activity was measured in cultured keratinocytes at 6 h 
following ultraviolet B irradiation and was significantly decreased 
(p < 0.05) in cultures treated with 5 mJ/cm2 Of greater dosage of 
UVB (Fig tA) when compared to non-irradiated cultures. The 
source of nOfmal keratinocytes, i.e., neonatal foreskin (Fig lA) or 
adult face (Fig IB), djd not alter the inhibitory effect of UVB on 
ODe activity. Confluent cultures exhibited the same UYE re-
sponse compared to subconfl uent cultures and the same pattern of 
inhibition of ODC activity was observed whether cultures were 
examined at 6 or 24 h (data not shown). Because most KGM con-
tains putrescine <IS an additive, it was possible to decrease the poten-
tial for polyamine feedback down regulation of ODC activity by 
utilizing modified medium lacking added putresine. However, de-
leting putrescine as an additive to the KGM resulted in the same 
UVB inhibition of ODC activity as was observed when cultures 
were grown in unmodified KGM, as is shown in Fig lB. 
UVB Irradiation Inhibits EGP·Stimulated ODe Activity 
When SV 40-transformed neonatal foreskin keratinocytes were 
grown to confluence in complete medium and challenged with 
fresh serum-free medium containing EGF (10 ng/ml) a 21-times 
induction of ODC activity was observed when compared to control 
cu ltures treated with fresh medium lacking EGF (Fig 2). Pre-treat-
ment of cultures with ultraviolet B radiation (0 -10 mJ/cm2) prior 
to stimulation with EGF resulted in a UVB dose-dependent inhibi-
tion of EGF-stimulated ODC activity. The inhibitory effect of 
UVB on ODC activity was not reversed with a hi gher dose ofEGP 
(100 ng/ml) (data not shown). These data demonstrate that the 
same pattern ofUVB inhibition of ODe activity was observed in an 
EGF-stimulated, immortalized human keratinocyte cell line (Fig 2) 
as was observed in primary keratinocyte cultures described above 
(Fig 1). Because the primary keratinocytes were treated with fresh 
growth medium (which contains EGP) post-irradiation, they are 
EGF-stimu!ated cultures also. We were unable to detect the inhibi-
tory effect of UVB in cultures without concurrent EGF treatment 
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Figure 3. The inhibitory effect of UVB on the proliferation of normal 
human foreskin keratinocytes is dose dependent. Subconfluent (20-30%) 
normal human foreskin keratinocytes grown in unmodified KGM were 
irradiated with 0 (control) (0), 5 ("), or 10 (e) mJJcm2 UVB on day O. 
Three days following irradiation a 50% rcduction (p < 0.05) in cell prolifer-
ation is demonstrated in cultures treated with 5 mJJcm2 and a 78% reduction 
(p < 0.05) is secn in cultures treated with 10 mJJcm2. On day 5, all cultures 
continued to proliferate; however, a 39% decrease in total viable cells was 
observed in cultures previously treated with 5 mJJcm2 and a 77% decrease is 
seen in cultures treated with 10 mJ/crn 2. Fresh KGM was added on day 0 
immediately post-irradiation and on day 3 (after cell counting) so that free-
floating dead cells were removed at those times. No significant difference 
(p> 0 .05) in the mean percentage (60-74%) of viable to total (viable plm 
dead) cells in the irradiated or non-irradiated cultures was observed on days 3 
and 5. 
because resting cultures of keratinocytes in basal medium (Fig 2) or 
conditioned medium (not shown) have low to non-detectable levels 
of ODC activity in our assay. 
UVB Irradiation Inhibits Keratinocyte Proliferation Cul-
tures of proliferating normal human epidermal keratinocytes in un-
modified KGM were irradiated with 0,5, or 10 mJ/cm2 UVB and 
then incubated for up to 5 d post-irradiation (Fig 3) . Viable and dead 
ce ll number were determined 3 and 5 d post-irradiation (Table 1). 
The treatment of cells with UVB resulted in a dose-dependent 
decrease in cell proliferation at both 3 and 5 d post-irradiation. 
Compared to the non-irradiated cells, the mean viable cell numbet 
per culture was significantly decreased (p < 0.05) by day 3 and day 5 
cultures exposed to either 5 mJ/cm2 or 10 mJ/cm2 ofUVB radia-
tion. On day 5 the cultures treated with 10 mJ/cm2 had fewer viable 
cells (p < 0.05) than the group treated with 5 mJ/cm2, demonstrat-
ing a dose-dependent inhibition of cell proliferation from UVB. 
The mean percentages of viable cells [viable/(viable + dead)) ill 
each treatment group (0, 5, 10 mJ / cmz UYE) were not significantly 
different (p > 0.05). The viabi lity and cell proliferation data taken 
together suggest that the irradiated cells continued to proliferate but 
at a reduced rate; the decrease in cell proliferation is unlikely to be 
due to direct cell death. The UVB-induced cell injury was signifi. 
cant by day 3 and was persistent up to 5 d, i.e., there was no evidence 
to suggest significant "catch-up" growth in the irradiated cultures. 
UVB Decreases ODe mRNAAccumulation Normal human 
epidermal keratillocytes were treated with a high (20 mJjcm2) or 
low dose (5 mJ/cm2) of UVB radiation and ODC mRNA level 
were measured. Using a high dose of UVB, ODC mRNA level 
were observed to be reduced as early as 90 min post-irradiation. 
Whep a less toxic dose ofUVB was utilized (5 m J / cm2) , a reduction 
of ODC mRNA was observed at 24 h post-irradiation. In neither 
circumstance were GAPDH mRNA levels affected, suggesting spec-
ificity for the reduction in ODC mRNA following UVB irradia-
tion. Because fresh EGF-containing KGM is added to keratinocyte 
cultures post-irradiation, these data show a reduction in ODe 
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Table I. Cellular Proliferation Following UVB Irradiation of Normal Human Epidermal Keratinocytes 
UVB Treatment 
(mJ/cm2 ) Cells Day 0 
Cells Number Per Culture Dish 
Day 3 Day 5 
o Viable 7.2 (± 5.0) X 10' 1.4 (± 0.5) X lOs 6.4 (± 1.9) X 10' 
Dead 3.7 (± 1.2) X 10' 4.4 (±2.4) X 10' 3.9 (± 1.0) X 10' 
Total 11 X 10' 
% viable 66% 
5 Viable NA 
Dead NA 
Total NA 
% viable NA 
10 Viable NA 
Dead NA 
Total NA 
% viable NA 
mRNA following UVB irradiation in EGF-stimulated cultures 
(Fig 4). 
DISCUSSION 
These studies report the effects of UVB on ODC activity, ODC 
mRNA levels, and cell growth in human epidermal keratinocytes ill 
vitro. Our studies demonstrate a significant inhibitory effect ofUVB 
on ODC activity and ODC mRNA when sublethal doses ofUVB 
are delivered to EGF-treated cultured keratinocytes obtained from 
three sources. Pre-treatment of cultures with 5 -10 mJ/cm2 demon-
strated that cell proliferation was significantly impaired for up to 5 d 
post-irradiation. Although repair of some damage secondary to UV 
exposure, e.g., pyrimidine dimer formation, is known to take place 
following UV irradiation [13], no catch-up growth was observed in 
our cultures. The mechanism(s) whereby UVB mediates its effects 
+uv-uv -uv +UV 
A 8 
ODe -
GAPDH 
Figure 4. Inhibitory effect of UVB irradiation on ODC mRNA levels in 
cultured normal human epidermal keratinocytes. Total cellular RNA (20 
ltg/lane) was hybridized to 32P-labeled eDNA probes for ODC and 
GAPDH. A: Northern blot analysis ofRN A levels was performed on normal 
human epidermal keratinoeytes derived from adult breast skin that were 
irradiated with 5 mJ/cm2 UVB (Iatle 1, + UVB) or sham-irradiated (Iatle 2, 
- UVB) 24 h prior to isolation of RNA from the cultures. Laser densitome-
tric analysis revealed a 37% decrease in ODC mRNA relative to GAPDH 
mRNA in irradiated cultures. Cells were grown in customized KGM with-
out putrescine. B: Northern blot analysis of RNA levels was performed on 
normal human epidermal keratinocytes derived from neonatal foreskins that 
were sham-irradiated (lane 1, - UVB) or irradiated with 20 mJ/cm2 UVB 
(lane 2, + UVB) 90 min prior to isolation of RNA from the cultures. Laser 
densitometric analysis revealed a 27% decrease in ODC mRNA relative to 
GAPDH mRNA in irradiated cultures. Cells were grown in KGM. 
1.8 X 105 1.0 X 106 
76% 62% 
7.3 (±3.4) X 10' 3.9 (± 1.0) X 105 
2.6 (± 1.6) X 10' 2.1 (±0.6) X 105 
9.9 X 10' 6.0 X lOs 
74% 65% 
3.2 (±2.4) X 10' 1.5 (±0.3) X 105 
2.5 (±1.3) X 10' 8.2 (± 3.4) X 10' 
5.7 X 10' 2.3 X 105 
56% 65% 
on ODC activity, ODC mRNA, and cell proliferation is not known 
but it is likely that these observations are related because ODC is 
required for cell proliferation. 
The observation that EGF, a known mitogen for keratinocytes, 
induces ODC is consistent with observations made by others in 
esophageal keratinocytes [14]. The inhibition of the EGF stimula-
tion of ODC by pre-treatment with UVB suggests that UVB inter-
feres with EGF signal transduction. Investigation into whether this 
UVB effect is secondary to pyrimidine dimer formation, membrane 
effects, or other events is in progress. However, Matsui et al have 
demonstrated decreased EGF binding to UVB-irradiated fibroblasts 
i,1 vitro [15] . 
Although the induction of ODC has been described in nude mice 
and rodent keratinocyte cultures irradiated with UVB, differences 
in the response of rodent and human skin models have been noted 
by others when other agents were evaluated [16]. For example, the 
phorbol ester 12-0-tetradecanoyl-phorbol-13-acetate has been de-
scribed as an inducer of ODC in murine skin but not in humall skin 
models [16]. It is possible that rodents that are nocturnal animals 
may have different responses to UVB than humans who are sun 
exposed. The observation that UVB induced a reduction in ODC 
activity in keratinocytes of different origin (adult or neonatal), or 
from a transformed cell line, suggests that our observations reflect a 
common reaction pattern in human keratinocytes. In addition, we 
have studied human breast skin in organ culture and have been 
unable to detect induction of ODC by UVB irradiation of whole 
human skin samples (data not shown). Future studies designed to 
evaluate other UV -inducible responses, such as production of IL-l, 
may be helpful in defining in greater detail the similarities and 
differences between rodent and human keratinocyte responses to 
UVR. 
The dosages ofUVB employed in our studies are within a physio-
logic range for sun exposure of human skin . A slightly erythrogenic 
dose utilizing our probe for light source calibration would be 30 
mJ/cm2 for type I skin. Because monolayers of keratinocytes are 
utilized in our studies, overlying keratinocytes and stratum cor-
neum are not present as they would be in human skin to absorb a 
large percentage of the incoming irradiation so that dosages of up to 
20 mJ/cm2 utilized in our studies may have significant biologic 
effects. The reduced proliferation of irradiated foreskin keratino-
cytes in culture suggests that sublethal UVB exposure is toxic and 
may up-regulate presently undefined cellular aging pathways. N ev-
ertheless, we have detected decreased levels of ODC activity at very 
low dosages of UVB (1.2 mJ/cm2) that resulted in no apparent 
changes in cellular proliferation or morphology up to 2-3 d post-
irradiation (data not shown) . Thus decreased ODC activity occurs 
even at very low doses ofUVB that a.re not apparently accompanied 
by overt cell toxicity, suggesting that ODC may be a sensitive and 
early cellular function that may be affected by UVB. The acute 
effect ofUVB on decreasing ODC (6-24 h) is not accompanied by 
morphologic change, whereas the longer-term effect of decreased 
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cell proliferation (3 - 5 d) was associated with induced morphologic 
changes. Several days following irradiation with 10 mJjcm2 UVB, 
keratinocytes became enlarged and resembled aging cultures (data 
not shown). It is likely that sublethal UVB induces a cascade of 
cellular changes that takes several days to evolve. 
The data described herein were obtained from in vitro studies, and 
therefore it is difficult to apply these results in vivo to human skin 
physiology. Nevertheless, it is worth considering how these data 
may help explain the observed therapeutic efficacy of UVB photo-
therapy for the treatment of hyperproliferative skin disorders such 
as psoriasis [17]. The lesions of psoriasis are characterized by high 
levels of transforming growth factor al pha, which is an endogenous 
ligand for the epidermal growth factor receptor [18] . IfUVB pre-
vents EGF-driven hyperproliferation as mediated through up-regu-
lation of ODC, this may partially explain how UVB phototherapy 
leads to thinning of psoriatic plaques. Further investigation into the 
mechanism whereby UVB interferes with EGF-mediated induction 
of ODC will hopefully further our understanding of how keratino-
cytes respond to ultraviolet B radiation. 
This study was supported byNIAMS Grant #1 K08 AR01838 as well as through a 
Levers Brothers Research Gralll awarded by the Dermatology Foundatioll. Dr. 
PrJ'Stowsky conducted this research as a recipient of the Cosmetics, Toiletry, and 
Fragrance Associatioll Research Fellowship awarded by the Dermatology FOlmdatioll 
alld as the Herbert I TIling Assistatlt Professor of Dermatology. 
The advice of and valuable discussiolls with I. BertJard WeitlSteitl and DeWitt S. 
Goodman are gratifully acktlOwledged. Assistallce wilh cell culwre methodology alld 
in vitro irradiation procedures was obtailled from Vincent A. DeLeo. The expert 
technical assistatJCe of Hsiao-Liang Pai is gratifully acknowledged. Joan Nesbitt and 
Elizabeth Soto assisted in the preparation of this malluseript. 
REFERENCES 
1. Ronai ZA, Lambert ME, Weinstein IB: Inducible cellular responses to 
ultraviolet light irradiation and other mediators of DNA damage in 
mammalian cells. Cell Bioi Toxicol 6:105-126, 1990 
2. Russell DH, Combest WL, Duell EA, Stawiski MA, Anderson TF, 
Voorhees)): Glucocorticoid inhibits elevated polyamine biosynthe-
sis in psoriasis. ) Invest Dermatol 71:177 -181, 1978 
3. Rosen CF, Gajic D, Drucker D): Ultraviolet radiation induction of 
ornithine decarboxylase in rat keratinocytes. Cancer Res 50:2631-
2635, 1990 
4. Young AR, Connor M), Lowe N): UV wavelength dependence for 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
the induction of ornithine decarboxylase activity in hairless mouse 
epidermis. Carcinogenesis 7:601- 604, 1986 
5. Eisinger M, Lee JS, Hefton JM, Darzynkiewicz Z, Chiao)W, DcHar- , 
ven D: Human epidermal cell cultures: growth and differentiation 
in the absence of dermal components or medium supplements. proe 
Nat! Acad Sci USA 76:5340-5344,1979 
6. Steinberg ML, Defendi V: Altered pattern of growth and differentia-
tion in human keratinocytes infected by simian virus 40. Proe Nat! 
Acad Sci 76:801-805, 1979 
7. Freshney RI: Measurement of cytotoxicity and viability. In: Culture of 
Animal Cells-A Manual of Basic Technique. Alan R. Liss, Inc., 
New York, 1987, pp 245-246 
8. Lowe N , Verma AK, Boutwell RK: Ultraviolet light induces epider-
mal ornithine decarboxylase activity. J Invest Dermatol 71:417-
418, 1978 
9. Bradford MA: Rapid and sensitive method for the quantitation ?f 
Imcrogram quantities of protein utilizing the principle of proteID 
dye binding. Anal Biochem 72:248 - 254, 1976 
10. Dorsett D, Vigilanti GA, Rutledge BJ, Meselson M: Alteration of 
hsp82 gene expression by the gypsy transposon and suppressor genes 
in Drosophila melanogaster. Genes Devel 3:454-468, 1989 
11. Hickok N), Seppanen PJ, Gunsalus GL, Janne OA: Complete amino 
acid sequence of human ornithine decarboxylase deduced from com-
plementary DNA. DNA 6:179-187, 1987 
12. Sabath DE, Broome HE, Prysrowsky ME: Glyceraldehyde-3-phos-
phate dehydrogenase mRNA is a major interleukin 2-induced tran-
script in a cloned T-helper lymphocyte. Gene 91:185-191,1990 
13. Cleaver JE, Jen J, Charles WC, Mitchel DL: Cyclobutane dimers and 
(6-4) photoproducts in human cells are mended with the same patch 
sizes. Photochem Photobiol 54:393-402, 1991 
14. Flcckman P, Langdon R, McGuire J: Epidermal growth factor stimu-
lates ornithine decarboxylase activity in cultured mammalian kcratl-
nocytes . J Invest Dermatol 82:85 - 89, 1984 
15. Matsui MS, Laufer L, Scheide S, DeLeo V: Ultraviolet-B (290-
320 nm) irradiation inhibits epidermal growth factor binding to 
mammalian cells.] Invest Dermatol92:617-622, 1989 
16. Chida K, Kuroki T: Inhibition of DNA synthesis and sugar uptake and 
lack of induction of ornithine decarboxylase in human epidermal 
cells treated with mouse skin tumors promoters. Cancer Res 
44:875-879,1984 
17. Lowe N], Prystowsky JH, Bourget T, Edelstein), Nychay S, Arm-
strong R: Acitretin plus UVB therapy for psoriasis. J Am Acad , 
Dermatol 24:591-594, 1991 
18. Elder ]T, Fisher G), Lindquist PB, Bennett GL, Pittlekow M, Coffey. 
R) , Ellingsworth L, Derynck R, Voorhees)J: Overexpression 01 
transforming growth factor-alpha in psoriatic epidermis. Potential 
role of phospholipase C. Science 243:811-814,1989 
